Background: Scrubbing prior to invasive surgical procedures has been an area that has been devoted to great amounts of research. Unfortunately, after numerous studies, there still is no agreed upon regimen for scrubbing prior to entering the operating room. Numerous methods have been used such as the chlorhexidine and povidone iodine scrub brushes, chlorhexidine/ethyl alcohol liquid scrub, and ethyl alcohol alone. Although all have shown some benefits, data shows that there still exists room for improvement. The goal of this study was to determine the need, if any, for antiseptics and antiseptic scrub brushes in a scrubbing regimen with hands having a larger than normal bacterial load. It compares the decrease in positive aerobic swab culture growth caused by two minute hand scrubbing regimens using a 2% chlorhexidine/ 61% ethyl alcohol liquid scrub, a 4% chlorhexadine scrub brush, non -antibacterial soap, and simply running water.
INTRODUCTION
Operating room staff members are required to perform various regimens of hand and forearm scrubbing prior to surgical procedures in hopes of reducing the transfer of microorganisms to patients during surgery that may result in postsurgical infections. Despite the fact that surgical hand scrubbing has been a part of pre-surgical procedure for decades, the optimum scrubbing regimen, such as scrubbing duration, which antiseptics or detergents to use, and whether to use a brush, is still subject to debate [ 1 , 2 ] .
Normal human skin contains bacteria, usually about 102 to 106 colony forming units (CFU) per cm2 [ 3 ] . prior to operating, scrub team members try to remove extraneous organisms, or transient flora, and minimize the amount of their own skin organisms, or resident flora, with a scrubbing regimen [ 3 , 4 ] .
Recommended practices for surgical hand scrubbing vary widely across organizations and countries. Existing North American guidelines on surgical hand scrubbing do not indicate a specific scrubbing duration or which antiseptic agents to use. In the United States, the Association of Operating Room Nurses (AORN) does not recommend a specific scrubbing duration [ 5 ] . however, based on study findings [ 6 , 7 , 8 ], aorn does recognize the advantages of shorter scrubbing duration. the association for professionals in infection control and epidemiology recommends a handwash followed by scrubbing for at least 120 seconds [ 1 ] . apic also recognizes the use of a european technique that is essentially a handwash followed by an alcohol rub for at least 20 seconds [ 1 ] . the centers for disease control and prevention recommend a 2-to 6-minute scrub with a brush, while the british hospital infection society (his) working group recommends that a 2-minute wash using aqueous disinfectants is required before any procedure is regarded as sterile [ 9 ] . in addition, a recent british medical journal editorial recommends that alcohol hand rubs are an acceptable alternative to repeated washing [ 10 ] .
Ideally, the optimum antiseptic agent used for scrubbing should significantly reduce microorganisms on intact skin, be broad spectrum as well as fast-acting, and have a persistent effect [ 9 ] . in several european countries, alcohol is considered the agent of choice for surgical hand preparation [ 11 , 12 ] . in addition, alcohol is required to be used for surgical hand scrubbing after handwashing in both germany and austria [ 4 , 13 ] . in the united states, antiseptic agents that contain alcohol, chlorhexidine, iodophors, parachlorometaxylenol or triclosan are widely used for scrubbing [ 1 , 9 , 14 ]. currently, povidone iodine and chlorhexidine gluconate are the agents of choice for most surgical teams in the united states [ 15 ] . however, each agent is different, and none is ideal for all uses.
Immediate (i.e. within 60 seconds after scrubbing), persistent (i.e. up to 6 hours postscrub), and residual (i.e. determined after scrubbing over 5 days) antimicrobial activity need to be considered when determining scrubbing agent efficacy [ 1 , 9 ] . in proper concentrations, alcohols provide the greatest microbial reduction immediately after scrubbing [ 1 , 11 ] . a vigorous 1-minute scrub with enough alcohol to wet hands thoroughly has been demonstrated to be the most effective way to produce hand antisepsis [ 16 ] . alcohols have been found to evaporate quickly from the skin, and thus do not have persistent antimicrobial activity [ 17 ] . however, several studies report that alcohol-based preparations containing 0.5% or 1% chlorhexidine gluconate have equal or better persistent antimicrobial efficacy than 4% chlorhexidine gluconate preparation [ 17 , 18 ] . persistent antimicrobial activity of a scrubbing agent is greatest for those containing chlorhexidine gluconate [ 8 , 17 ] . comparing chlorhexidine gluconate and povidone iodine in a surgical hand scrub protocol found that chlorhexidine gluconate resulted in a lower reduction of bacterial counts than did povidone iodine [ 8 ] . the sequential use of chlorhexidine gluconate followed by an agent containing 70% isopropanol alcohol and 0.5% chlorhexidine gluconate has been found to be an effective scrubbing agent [ 8 , 17 ].
Mechanical scrubbing with friction and brushes has been standard procedure for many decades [ 19 ] . despite the need for surgical hand scrubbing, more scrubbing with a brush is not necessarily better or clinically effective in reducing microbial counts [ 9 , 14 , 19 , 20 ] . evidence shows that frequent and prolonged use of antiseptics, and a scrubbing brush or sponge may result in damage to the skin [ 20 , 21 ] . compromised skin integrity may become more heavily colonized by microorganisms, such as increased colonization with gramnegative bacteria and candida species [ 13 , 19 , 21 ] . it is therefore imperative to demonstrate scientifically the minimal, and thus optimal, surgical hand scrubbing regimen.
One of the major approaches to reducing skin damage is to minimize scrubbing duration. The length of time spent on surgical hand scrubbing has been reduced from 10 minutes to 5 minutes as a result of experimental evidence [ 22 , 23 , 24 ] , and this remained as the standard for many years. studies have found that 2-or 3-minute surgical hand scrubs are as effective as 5-minute scrubs [ 7 , 8 ] . research has shown that 2-and 3-minute surgical hand scrubs are both clinically effective [ 25 ] . a second major approach to reducing skin damage is to minimize use of harsh antiseptics and/or detergents.
After doing a thorough literature research, to our knowledge no study or review has ever addressed the magnitude of effect, if any, of antiseptic scrubs with or without scrub brushes, when compared to a control such as simply scrubbing one's hands with running water without any antiseptics or brushing. In addition, to our knowledge, no surgical scrub study or review has ever investigated scrubbing and its effect on hands with a larger bacterial load than the normal hand. Most surgeons have post-operative patients that are admitted to the hospital. A normal practice is to round on these patients, examine them, and change surgical dressings, all which have the potential to increase the bacterial load on the surgeon's hands. Therefore, we believe it would be interesting to see how the approved surgical scrub techniques fair against a larger than normal bacterial load when compared to a control, such as simply washing one's hands under running water.
This study was designed to determine the need, if any, for antiseptics and antiseptic scrub brushes in a scrubbing regimen with hands having a larger than normal bacterial load. It compares the decrease in positive aerobic culture swabs caused by two minute hand scrubbing regimens using a chlorhexidine/ethyl alcohol liquid scrub, a chlorhexadine scrub brush, non-antibacterial soap, and simply running water.
MATERIALS AND METHODS
To determine the validity of using an aerobic swab in detecting bacterial growth a preliminary trial was conducted. One cc of saliva was applied sterilely to the investigator's left hand. The saliva was thoroughly rubbed into both hands for thirty seconds. Next, five swabs were used to take aerobic cultures of the left hand. All five swabs resulted in positive bacterial growth. Thus, the conclusion was made that swabbing is sensitive enough to detect bacteria in saliva. Next, in order to make sure resident hand flora would not alter our results the investigator's hands were scrubbed for two minutes with a cholorhexidine scrub brush. Five swabs were used to take specimens of the left hand. All five swabs resulted in no growth. Thus, the conclusion was made that aerobic swabs were not sensitive enough to detect resident flora after scrubbing with a chlorhexidine scrub brush. Thus, resident flora would not factor in altering the results of this study.
For a power analysis another preliminary trial was conducted. On Day 1, one cc of saliva was sterilely applied to the investigator's left hand. The saliva was thoroughly rubbed into both hands for thirty seconds. Next, the hands were scrubbed under plain running water for two minutes.
After the hands were dried with a sterile towel, ten swabs were used to take specimens of the left hand. On Day 2, one cc of saliva was sterilely applied to the investigator's left hand. The saliva was thoroughly rubbed into both hands for thirty seconds. Next, the hands were scrubbed with nonantibacterial soap and running water for two minutes. After the hands were dried with a sterile towel, ten swabs were used to take specimens of the left hand. On Day 3, one cc of saliva was sterilely applied to the investigator's left hand. The saliva was thoroughly rubbed into both hands for thirty seconds. Next, the hands were scrubbed with SURGICEPT (2% chlorhexidine/61% ethyl alcohol) for two minutes. After the hands were air dried, ten swabs were used to take specimens of the left hand. On Day 4, one cc of saliva was sterilely applied to the investigator's left hand. The saliva was thoroughly rubbed into the hands for thirty seconds. Next, the hands were scrubbed with a 4% chlorhexidine scrub brush for two minutes. After the hands were dried with a sterile towel, ten swabs were used to take specimens of the left hand. Once this power analysis was complete the study was able to begin.
On Day 1, one cc of human saliva was sterilely applied to the investigator's left hand. The saliva was thoroughly rubbed into the hands for thirty seconds. Next, the hands were scrubbed under plain running water for two minutes. After the hands were dried with a sterile towel, fifty swabs were used to take specimens of the left hand.
On Day 2, one cc of human saliva was sterilely applied to the investigator's left hand. The saliva was thoroughly rubbed into the hands for thirty seconds. Next, the hands were scrubbed with non-antibacterial soap and water for two minutes. After the hands were dried with a sterile towel, fifty swabs were used to take specimens of the left hand.
On Day 3, one cc of human saliva was sterilely applied to the investigator's left hand. The saliva was thoroughly rubbed into the hands for thirty seconds. Next, the hands were scrubbed with SURGICEPT for two minutes. After the hands were air dried, fifty swabs were used to take specimens of the left hand.
On Day 4, one cc of human saliva was sterilely applied to the investigator's left hand. The saliva was thoroughly rubbed into the hands for thirty seconds. Next, the hands were scrubbed with a 4% chlorhexidine scrub brush for two minutes. After the hands were dried with a sterile towel, fifty swabs were used to take specimens of the left hand.
RESULTS
In the preliminary trial to conduct a power analysis it was determined that forty-six swabs for each trial would need to be performed in order to show any statistical significance. Fifty swabs for each trial were used. The Day 1 trial, running water, resulted in 11 (22%) positive aerobic swabs for strep species, 7 (14%) positive aerobic swabs for staph species, 2 (4%) positive aerobic swabs for enterococcus species, and 10 (20%) positive aerobic swabs for growth of more than one organism. This resulted in 30 (60%) total positive aerobic cultures and 20 (40%) total negative aerobic cultures. The Day 2 trial, non-antibacterial soap, resulted in 8 (16%) positive aerobic swabs for strep species, 1 (2%) positive aerobic swabs for staph species, 0 (0%) positive aerobic swabs for enterococcus species, and 3 (6%) positive aerobic swabs for growth of more than one organism. This resulted in 12 (24%) total positive aerobic cultures and 38 (76%) total negative aerobic cultures. The Day 3 trial, SURGICEPT, resulted in 6 (12%) positive aerobic swabs for strep species, 5 (10%) positive aerobic swabs for staph species, 0 (0%) positive aerobic swabs for enterococcus species, and 2 (4%) positive aerobic swabs for growth of more than one organism. This resulted in 13 (26%) total positive aerobic cultures and 37 (74%) total negative aerobic cultures. The Day 4 trial, chlorhexidine scrub brush, resulted in 7 (14%) positive aerobic swabs for strep species, 2 (4%) positive aerobic swabs for staph species, 0 (0%) positive aerobic swabs for enterococcus species, and 2 (4%) positive aerobic swabs for growth of more than one organism. This resulted in 11 (22%) total positive aerobic cultures and 39 (78%) total negative aerobic cultures. 
DISCUSSION
Numerous studies and trials have been performed to elucidate the optimal scrub regimen. The hopes of an optimal scrub regimen in ridding the surgeon's hands of bacteria may possibly lead to a decreased rate of postoperative infection. Unfortunately, as one does a thorough literature search it is obvious that every scrub regimen possesses its own positives and negatives. Some regimens are excellent at antimicrobial activity but evaporate quickly and therefore its positive microbial effects may not last the length of the entire surgery. Other regimens possess antimicrobial activity along with mechanical properties to remove organisms from the surgeon's hands ie. chlorhexidine scrub brush. However, some data does show that this regimen may be too harsh to the skin and therefore lead to colonization of the surgeon's hands by organisms.
Certain regimens such as SURGICEPT possess excellent antimicrobial qualities. Unfortunately, there is data showing that the ingredients may be caustic to the skin allowing colonization by organisms. Therefore, at this time it is fair to say that we have not discovered a scrubbing regimen that is a panacea for bacterial eradication.
This study was conducted to determine if any scrub agent is necessary at all, and if so, does a less damaging substance to the skin ie. non-antibacterial soap have any benefit. In addition, it is to our knowledge that no study has tested recognized scrub regimens to a control ie. water, or water with non-antibacterial soap. There is also no published study that tests the recognized scrub regimens to hands with a higher than average bacterial load. No one would argue that surgeons after they round on their post-operative patients and change surgical dressings obtain a greater than normal bacterial load on their hands. Therefore, it would be interesting to see how certain scrub techniques fair against a higher than average bacterial load.
From the data obtained it is obvious that just water alone is inferior in decreasing the number of positive aerobic cultures when faced with a high bacterial load. This suggests that mechanically removing bacteria alone is insufficient, and some anti-microbial properties in a scrub regimen are necessary. SURGICEPT and a 4% chlorhexidine scrub brush were statistically more effective in decreasing the number of positive aerobic cultures in the face of a high bacterial load when compared to water alone. These regimens, were not perfect, however, as still greater than 20% of aerobic cultures returned with positive growth. What is most interesting is that non-antibacterial soap fared just as well as SURGICEPT and a chlorhexidine scrub brush in decreasing the number of positive aerobic cultures when faced with a high bacterial load. Hypotheses for this phenomenon are that soap and water, is better than water alone at mechanically removing aerobic bacteria. In addition, soap is likely less damaging to one's skin and thus less likely to cause colonization by aerobic bacteria. Finally, soap may have inherent anti-microbial properties that have not been studied.
Assuming that non-antibacterial soap is as efficacious as the two scrub regimens tested could have an enormous economical impact on health care in the United States. When bought in bulk 4% chlorhexidine scrub brushes cost on average $1.72/brush. Each 800ml container of SURGICEPT allows for approximately 63 scrubs, which on average would lead to $1.84/scrub. In this study, each 250ml bottle of nonantibacterial soap cost $3.49 and allowed for15 scrubs on average leading to $0.23/scrub. Thus, there is approximately $1.50 saved per scrub when using non-antibacterial soap. In 2005 the NIH stated that, "Twenty million invasive surgical procedures were performed in the United States that year." Multiplying twenty million by $1.50 leads to thirty million dollars per year that could be possibly saved if nonantibacterial soap was used instead of the other two regimens.
Although the data and results are impressive, one must keep in mind the limitations inherent in this study. First, the study proved that there was a statistically significant decrease in the number of positive aerobic culture swabs when scrubbing with non-antibacterial soap, SURGICEPT, or a chlorhexidine scrub brush when compared to just water. It also proved that there was no statistical significant difference in the number of positive aerobic culture swabs when scrubbing with non-antibacterial soap, SURGICEPT, or a chlorhexidine scrub brush. One must keep in mind that this study proved statistical and non-statistical significance. However, is this at all clinically significant? From the data obtained we cannot extrapolate anything about the reduction of post-operative infection rate. Further research in this area would need to be conducted. Second, this study used aerobic culture swabs to determine the presence or absence of bacteria. Unfortunately, scrubbing and ridding bacteria from hands is not an all or none phenomenon ie. Yes/Positive or No/Negative. Measuring bacterial load via colony forming units would likely give a more accurate and thorough evaluation of each scrub techniques' effectiveness. Third, this study only looked at the growth of aerobic organisms. Human saliva certainly contains other organisms, especially anaerobes, and thus extrapolations on anaerobic, fungal, or atypical organisms cannot be made. Fourth, this study was only conducted in one microbiology laboratory. Can we assume that the results obtained from this laboratory would be replicated in other laboratories? Finally, the investigator was not blinded leaving room for possible selection bias. He was aware of which trial consisted of water, nonantibacterial soap, SURGICEPT, and the chlorhexidine scrub brush.
Despite the limitations mentioned in this study there are certainly strengths worth mentioning. First, the same investigator's saliva, hands, and experimental protocol were used throughout the study. By doing this, the bacterial load was kept as constant as possible. Second, there was adequate power as demonstrated by the power analysis. Third, there was strict attention to detail so that each step of each trial was conducted in the exact same fashion. Fourth, those in the microbiology lab were blinded as to which trial was being tested which would minimize any possible selection bias. Finally, highly statistically significant results were obtained making chance alone unlikely to be a factor.
SUMMARY
It is obvious that as one dissects the literature there is much controversy as to what is the optimum scrub regimen. In the United States there currently is no agreed upon or required scrub regimen. Numerous studies show that the scrub regimens used in the United States may actually be detrimental, and thus there is much room for improvement. To our knowledge no study has ever compared the various scrub regimens used worldwide to a control such as water or water with non-antibacterial soap. In our study we proved that water alone was statistically less effective at reducing the rate of positive aerobic cultures than two widely used United States scrub regimens. It also proved that nonantibacterial soap is statistically as effective at reducing the rate of positive aerobic cultures than the same two widely used United States scrub regimens.
Knowing that non-antibacterial soap is just as effective can have an enormous impact on many areas of surgery and health care. Despite some limitations in this study it does at least illustrate that more research in the field of surgical scrubbing would be invaluable. Future research projects that should be considered are, 1. Expanding this study to include anaerobic, fungal, and atypical organisms. 2. Using colonyforming units to determine the effect that non-antibacterial soap has on bacterial load when compared to the currently recognized scrub regimens' effect on bacterial load. 3. Determining whether a decrease in bacterial load is actually clinically significant (To our knowledge there is no data in the literature that shows a decreased bacterial load on a surgeon's hands leads to less post-operative infections.)
In conclusion, this study not only suggests that the use of non-antibacterial soap may be as efficacious as more costly scrub regimens currently being used, but also illustrates the need for further research to be conducted.
